STL-less based CAD/CAM Approach for Laser Scanning in Micro Stereo Lithography  by Balashanmugam, N. et al.
 Procedia Materials Science  5 ( 2014 )  1466 – 1472 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.466 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ
$00(
67/OHVVEDVHG&$'&$0DSSURDFKIRU/DVHU6FDQQLQJLQ0LFUR
6WHUHR/LWKRJUDSK\
1 %DODVKDQPXJDPD$QNLW.D'$OR\VLXVD/6XGKDD566XUHVKD3UDVDG.ULVKQDE
396KDVKLNXPDUD
D6FLHQWLVW&HQWUDO0DQXIDFWXULQJ7HFKQRORJ\,QVWLWXWH7XPNXU5RDG%DQJDORUH ± ,QGLD
E3URIHVVRU1DWLRQDO,QVWLWXWHRI7HFKQRORJ\.DUQDWDND 6XUDWKNDO ± ,QGLD
$EVWUDFW
0LFUR6WHUHR/LWKRJUDSK\06/ LVDQDGGLWLYHUDSLGSURWRW\SLQJSURFHVVIRUIDEULFDWLRQRI WKUHHGLPHQVLRQDOPLFURSDUWV WKDW
UHTXLUHV VOLFLQJ RI 'PRGHO LQWR OD\HUV DQG JHQHUDWLRQ RI ODVHU WRRO SDWK IRU HDFK RI WKH OD\HU 7R JHQHUDWH ODVHU VFDQ SDWK
H[LVWLQJJHQHUDOSXUSRVH&$'&$0VRIWZDUHLVEHLQJXVHGLQPLFURVWHUHROLWKRJUDSK\06/VHWXSEXLOWLQKRXVHWRIDEULFDWH
PLFURSDUWV&$'&$0VRIWZDUHDUHXVHGDVDLGVIRUJHQHUDWLQJ1&WRROSDWKIRUPDFKLQLQJLQPHWDOZRUNLQJLQGXVWULHV5DSLG
3URWRW\SLQJ UHTXLUH VSHFLDOL]HG &$'&$0 SDFNDJHV WR JHQHUDWH ODVHU WRRO SDWK IRU PDFUR VL]HG FRPSRQHQWV 0RVW RI WKH
H[LVWLQJUDSLGSURWRW\SLQJVRIWZDUHVXWLOL]H67/IRUPDWILOHVIRUVOLFLQJDQGJHQHUDWLRQRIWRROSDWK7KLVSDSHUGHVFULEHVDERXW
DGDSWLQJ WKH VWDQGDUG &$'&$0 SDFNDJH DQG XWLOL]LQJ LWV IHDWXUHV IRU JHQHUDWLQJ ODVHU WRRO SDWK IRU PDQXIDFWXUH RI '
PLQLDWXUHSDUWVXVLQJ06/7KLVDSSURDFKKDVUHGXFHGWKHRYHUDOOWLPHUHTXLUHGIRUSURGXFWGHYHORSPHQW
  7KH$XWKRUV 3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV0LFUR6WHUHR/LWKRJUDSK\&$'&$07RRO3DWK89/DVHU67/OHVVOLWKRJUDSK\
 ,QWURGXFWLRQ
'HYHORSPHQWV LQ &$'&$0 KDYH UHYROXWLRQL]HG PDQXIDFWXULQJ VHFWRU $HURG\QDPLF SURILOHV IRU DLUFUDIWV
FRQWRXUHGERG\RI$XWRPRELOHV FDVHVRIPRELOHVSKRQHVDQGVHYHUDORWKHUFRPSRQHQWVKDYHEHHQPDQXIDFWXUHG
ZLWKWKHDLGRI&$'&$0&$'&$0VRIWZDUHDUHFXUUHQWO\XVHGPHWDOZRUNLQJLQGXVWULHVWRJHQHUDWHWRROSDWK
IRUPDFKLQLQJ FRPSOH[ SDUWV  &$'&$0 V\VWHP JHQHUDWHV&1& FRGHV IRU &1&PDFKLQHV ZKLFK RWKHUZLVH LV
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
1467 N. Balashanmugam et al. /  Procedia Materials Science  5 ( 2014 )  1466 – 1472 
GLIILFXOW WRZULWHPDQXDOO\IRUFRPSOH[SDUWV 7UDGLWLRQDO&$'&$0VRIWZDUHDUHQRWXVHG LQUDSLGSURWRW\SLQJ
7KLVSDSHUJLYHVDQRYHUYLHZRIWKHYDULRXVSDUWVGHYHORSHGXVLQJWKHWUDGLWLRQDO&$'&$0DSSURDFKPDNLQJWKH
GHVLJQDQGGHYHORSPHQWRIPLFUR53SDUWVPXFKHDVLHU
 0LFURVWHUHROLWKRJUDSK\
,QSULQFLSOH6/XWLOL]HVIRFXVHGOLJKWVSRWVFDQQLQJRYHUWKHSKRWRFXUDEOHUHVLQVXUIDFHDQGWKHQDOLJKWLQGXFH
SKRWRSRO\PHUL]DWLRQRFFXUVFRQVWUXFWLQJVROLGPLFURVWUXFWXUHV:LWKIRFXVHGOLJKWVSRWVFDQQLQJDIRFXVHGODVHU
VSRWSHUPLWVPLFURQVFDOHVSDWLDOUHVROXWLRQ
)DEULFDWLRQ RI FHUDPLF DQG PHWDO FRPSRQHQWV ZLWK FRPSOH[ JHRPHWU\ VKDSHV FDQ DOVR EH DFFRPSOLVKHG E\
LQWURGXFLQJPLFURQVL]HGSRZGHUVDORQJZLWK89SKRWRVHQVLWLYHPRQRPHU)DEULFDWLRQRILQGLYLGXDOGHYLFHVFDQEH
DFFRPSOLVKHG LQ D IHZKRXUV$FRPSOH['REMHFW LV VHSDUDWHG LQWR JHQHUDO 'REMHFWV RU VOLFHV7KH VOLFHV DUH
SK\VLFDOO\UHDOL]HGE\IRFXVLQJODVHUEHDPRQD89FXUDEOHUHJLRQ3RO\PHUL]DWLRQRFFXUVOD\HUE\OD\HUZKHQEHDP
LVIRFXVHGRQWKHPRQRPHU
)LJ6WUXFWXUHRIWKH0LFURVWHUHROLWKRJUDSK\SURFHVV
 ([SHULPHQWDO 6HWXS
)LJ6FKHPDWLFUHSUHVHQWDWLRQRIVFDQQLQJ0LFURVWHUHROLWKRJUDSK\V\VWHPDV XVHGE\$QNLWHW$O
6FDQQLQJ0LFURVWHUHROLWKRJUDSK\V\VWHPFRQVLVWV$UJRQLRQODVHUEHDPVRXUFHEHDPGHOLYHU\V\VWHP&RPSXWHU
FRQWUROOHG SUHFLVLRQ OLQHDU SRVLWLRQLQJ VWDJHV DQG D&$' GHVLJQ WRRO DV VKRZQ LQ )LJ$UJRQ LRQ ODVHU VRXUFH
V\VWHPRSHUDWHVZDYHOHQJWKLQUDQJHQPDQGPD[LPXPFXUUHQW$+RZHYHUWKHZDYHOHQJWKKDVEHHQ
VHWWRQP3UHFLVLRQOLQHDUSRVLWLRQLQJVWDJHZLWKQPUHVROXWLRQLQ[\] VWDJHVHQDEOHVSUHFLVLRQVFDQQLQJRI
ODVHUEHDPRYHUWKHSKRWRFXUDEOHPRQRPHU%HDPGHOLYHU\V\VWHPFRQVLVWVRI$FRXVWR2SWLFPRGXODWRU$SHUWXUH
%HDPH[SDQGHU0LUURUVDQG)RFXVLQJOHQV$FRXVWRRSWLFPRGXODWRUZLWKV\VWHPGULYHUFRQVLVWVFU\VWDOFRQWUROOHG
RVFLOODWRUXVHGDVVZLWFKWKHVWDWHRIEHDP)RFXVLQJRSWLFVDQG%HDPH[SDQGHUDUHHVVHQWLDO WRREWDLQVPDOO ODVHU
VSRWVL]H$IL[WXUHDVVHPEO\LVDWWDFKHGWROLQHDUSRVLWLRQLQJVWDJHWRKROG6LVXEVWUDWHULJLGO\DQGDOORZVXQLIRUP
&$'0RGHO 6OLFLQJ /DVHU3DWKJHQHUDWLRQ
3RVW
SURFHVVLQJ
8VHU
LQWHUIDFH &RQWUROOHU
0LFUR6WDJH
2SWLFDO
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/DVHU
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OD\HU WKLFNQHVV LQ WKH PXOWL OD\HUHG PLFURVWUXFWXUH &$' GHVLJQ WRRO SURYLGHV ' PRGHO GHVLJQ RI PLFURSDUWV
VOLFLQJDQG1&SURJUDPJHQHUDWLRQ
 67//HVV EDVHG &$'&$0 DSSURDFKIRUODVHUVFDQQLQJ
$W\SLFDOPHWKRGLVWKHLPSRUWRI67/ILOHDQGSRVWSURFHVVLQJLWLQWRVOLFHVDQGHLWKHUJHQHUDWLQJWRROSDWKRU
H[SRVLQJHDFKVOLFHXVLQJDVSHFLDOGLVSOD\WRWKHPRQRPHU DVSXEOLVKHGE\&9RJWHWDO
7KHUHDUHVHYHUDOPHWKRGVWRDSSURDFKWKHJHQHUDWLRQRIWRROSDWKDSDUWRI&$'&$0DSSURDFKLWVHOI$QRWKHU
67//HVVEDVHG WHFKQLTXH LV XVLQJDSURJUDPPLQJ ODQJXDJH OLNH& WRGHYHORSVWUXFWXUHV$Q6(0LPDJHGRXEOH
FDQWLOHYHUVWUXFWXUHVKRZEHORZKDVEHHQIDEULFDWHGXVLQJ&SURJUDPPLQJODQJXDJHDW&07, DVSXEOLVKHGE\$QNXU
*RVZDPLHWDO
)LJ6(0LPDJHRI'RXEOHFDQWLOHYHUVHQVRU RIVL]H[[P
7KHSRVLWLRQLQJVWDJHLVFRQQHFWHGWR1HZSRUW;36FRQWUROOHUV\VWHPKDYLQJRSHQDUFKLWHFWXUH7KLVFRQWUROOHULV
LQWHUIDFHG WR D FXVWRP GHYHORSHG /DE9LHZ SURJUDP 7KH /DEYLHZ SURJUDP FRQYHUWV WKH FRRUGLQDWHV RI WKH
JHRPHWU\ WR D IRUP VSHFLILF WR WKH FRQWUROOHU 7R SURYLGH DQ LQSXW WR WKH /DEYLHZ LQWHUIDFH D &$0 SURJUDP
RULJLQDWLQJIURPD&$0VRIWZDUHFDQEHXVHG
$Q\ &$' VRIWZDUH OLNH &DWLD 3UR( 6ROLG:RUNV 8QLJUDSKLFV HWF FDQ EH XVHG WR GHYHORS WKH VROLG PRGHO
8QLJUDSKLFV DQG 6ROLGZRUNV KDYH EHHQ XVHG LQ RXU H[SHULPHQWV WR FUHDWH VROLG PRGHOV LQ PLFURPHWHU VFDOH $
VSHFLDOSRVWSURFHVVRUKDVEHHQGHYHORSHGXVLQJWKH8*3RVWSODWIRUPVSHFLILFDOO\IRUWKH06/V\VWHPGHYHORSHGLQ
KRXVHZKLFKFDQFRQYHUWWKH&XWWHU/RFDWLRQ6RXUFHILOHV&/6JHQHUDWHGE\WKH8QLJUDSKLFV&$0VRIWZDUH
67/ OHVVEDVHGPRGHOV RIIHU D GLVWLQFW DGYDQWDJHRYHU WKH WUDGLWLRQDO67/EDVHGPRGHOV$Q67/EDVHG VROLG
PRGHO QHHGV FRUUHFWLRQPRVW RI WKH WLPHV DV LW LV NQRZQ WR ORVHGDWDGXULQJ WKH WUDQVODWLRQ $ ORW RI WLPH LV ORVW
GXULQJVXFKFRUUHFWLRQDQGLQWXUQSURFHVVLQJWKH67/ILOH+RZHYHUD&$'ILOHLQLWVRULJLQDOIRUPDWKDVFRPSOHWH
GDWDZLWKRXWDQ\ORVVHV+HQFHWUDQVODWLQJWRGLIIHUHQWIRUPDWVLVQRWUHTXLUHG
'HYHORSPHQWRISURJUDPVIRU' DQG'FRPSRQHQWV
7KH &/6 ILOH LV SRVW SURFHVVHG WR JHW 1& ILOH ZKLFK FRQVLVWV RI ;	< FRRUGLQDWHV 7KH SRVW SURFHVVRU
GHYHORSHGLQGLJHQRXVO\LVFRQILJXUHGLQDV\VWHPVXFKWKDW WKH$FRXVWLF0RGXODWRUFRQWURO;<FRRUGLQDWHVDQG
RWKHU VSHFLDO FRPPDQGV UHTXLUHG IRU WKHRSHUDWLRQ DUH FRQILJXUHG7KH&/6 ILOH LV WKHQSRVWSURFHVVHGXVLQJ WKH
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GHYHORSHG SRVW SURFHVVRU VXFK WKDW DQ1& ILOH LV UHDGDEOH E\ WKH GHYHORSHG /DEYLHZ ,QWHUIDFH $OO 1& ILOHV VR
JHQHUDWHG LQ FDVH RIPXOWL VOLFH RSHUDWLRQ LV FRPELQHG WR IRUP D VLQJOH SURJUDP DQG WUDQVIHUUHG WR WKHPDFKLQH
WKURXJKWKHLQWHUIDFHFUHDWHGXVLQJ/DE9LHZHQYLURQPHQW7KHSURFHGXUHKDVEHHQPHQWLRQHGEHORZ
6WHS&UHDWLRQRI'PRGHOXVLQJ&$'PRGXOHRIWKH&$'&$0V\VWHP&UHDWHGILOHLVVDYHGLQWKHQDWLYH
&$'VRIWZDUHIRUPDW)LJ'&$'PRGHO
)LJ6ROLG&$'0RGHO
6WHS  6ROLG 0RGHO LV WKHQ VOLFHG LQWR VHYHUDO OD\HUV 7KH OD\HUV GHFLGH WKH VWDLUFDVH HIIHFW RI WKH ILQDO
FRPSRQHQWIDEULFDWHG
)LJ6OLFHG&RPSRQHQW
6WHS7RROVHOHFWLRQLQ&$0LV FRQVLGHUHGDQGDQ\HQGIDFHPLOORSHUDWLRQZLWKDGLDPHWHURIWKHWRROHTXDO
WRWKHVSRWVL]HRIWKHFRPSRQHQW7KHWRROGLDPHWHUVHWLQWKHVHWXSDW&07,ZDVPLFURPHWHUVDVLWLVWKHVSRW
VL]HRIWKHODVHU
)LJ7RROSDWKIRUVLQJOHOD\HU
6WHS 5HSHDWLQJRIVWHSIRUWKHUHPDLQLQJOD\HUV
)LJ7RROSDWKIRU0XOWLSOH6OLFHGOD\HUV
6WHS3RVWSURFHVVLQJRI&/6ILOHWRVXLWWRWKH06/V\VWHP7KHRXWSXWJHQHUDWHGLVIHGWRWKHFRQWUROOHULQ
/$%9LHZHQYLURQPHQW
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 ([SHULPHQWDWLRQDQG&KDUDFWHULVDWLRQ
%DVHGRQWKHDERYHSURFHGXUHVHYHUDOVWUXFWXUHVKDYHEHHQGHYHORSHG7KHPDWHULDOVXVHGLQWKHFXUUHQWZRUNDUH
+H[DQH'LRO'LDFU\ODWH +''$ DW WKH SKRWRVHQVLWLYHPRQRPHUZLWK%HQ]RLQ(WKRLQ(WKHU %(( DV SKRWR
LQLWLDWRUJORI%((ZDVDGGHG,QFHUWDLQVDPSOHV/HDG=LUFRQLXP7LWDQDWHDQG$OXPLQDE\YROXPHZDV
DGGHGWRPRQRPHUDQGVXUIDFWDQWVXVSHQVLRQ7232 DVPHQWLRQHGE\$QNXU*RVZDPLHWDO 6LPLODUZRUNRIXVLQJ
D&$' SURJUDPWRIDEULFDWH'VWUXFWXUHVKDVEHHQWULHGXVLQJ&HUDPLFVXVSHQVLRQ DVSXEOLVKHGE\;=KDQJHW
DO $VPHQWLRQHGLQWKHDERYHVHFWLRQVWKHWRROSDWKLVJHQHUDWHGDQGUXQWKURXJKWKH/DE9LHZ
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LQWHUIDFH7KHIROORZLQJLPDJHVDUH DFWXDOFRPSRQHQWVIDEULFDWHGXVLQJ06/V\VWHPDW&07,0HDVXUHPHQWVDQG
LPDJLQJKDYHEHHQGRQHXVLQJ2O\PSXV/(;7/DVHU&RQIRFDO0LFURVFRSH
)LJD/DVHUVFDQQLQJFRQIRFDOPLFURVFRSHLPDJHRIDQLPSHOOHUPDGHXVLQJ3=7RIVL]HPE
/DVHUVFDQQLQJFRQIRFDOPLFURVFRSHLPDJHRIDJHDUPDGHXVLQJ+''$RIVL]HP
)LJ/DVHUVFDQQLQJFRQIRFDOPLFURVFRSHLPDJHRIDGHFRUDWLYHDUWHIDFWXVLQJ+''$RIVL]HP
' REMHFWV OLNH LPSHOOHU  D[LV FRPSRQHQW MHZHOOHU\ GHVLJQV JHDUV P KDYH DOVR EHHQ IDEULFDWHG
7\SLFDOO\WKLVPHWKRGFDQEHXVHGWRUDSLGSURWRW\SHDQ\PLFURFRPSRQHQWZLWKRXWDQ\ORVVLQWKHGDWD
 5HVXOWVDQG'LVFXVVLRQ
2XWSXW REWDLQHG FRQWDLQV ;<FRRUGLQDWHVZLWKPLVFHOODQHRXVFRPPDQGV IRUVKXWWHURSHQDQGFORVHFRPPDQGV
IRU LQGLYLGXDO OD\HU/LNHWKLVRXWSXWIRUHDFKOD\HUJHQHUDWHGRQHOD\HUDWDWLPH7KLVKDVEHHQGRQHPDQXDOO\IRU
HDFK OD\HU ,W LV WHGLRXV WR JHQHUDWH WRRO SDWK IRU PXOWLSOH OD\HUV DV MRE EHFRPHV UHSHWLWLYH ,W LV QHFHVVDU\ WR
DXWRPDWHWKLVSURFHVVZKLFKFRXOGEHWULHGZLWKVXLWDEOHPRGXOHVDYDLODEOHLQ&$'&$0SDFNDJHV1; 2SHQLQ
WKH FDVHRI8QLJUDSKLFV$QRWKHU DSSURDFK IRU DXWRPDWLRQ LV WRXVH FDYLW\PLOOLQJRSWLRQ DYDLODEOH LQ WKH&$0
PRGXOHZKLFK WDNHVFDUHRIDXWRPDWHG WRROSDWKJHQHUDWLRQ IRUGLIIHUHQW OD\HUV ,I WKH VKDSHRI WKHFRPSRQHQW LV
FRPSOLFDWHGWKHQLWFRXOGEHGLYLGHGLQWRGLIIHUHQWSDUWVDQGWKHFDYLW\PLOOLQJPRGXOHFDQEHXVHG +RZHYHUWKH
FDYLW\PLOOLQJPRGXOHLVKLJKO\GHSHQGHQWRQWKHVKDSHRIWKHFRPSRQHQWDQGPD\QRWEHVXLWDEOHWRYDULRXVVKDSHV
$GYDQWDJHVRIXVLQJWKHVHFRPPHUFLDOO\DYDLODEOHPRGXOHVDUHLWLVHDV\WRVHOHFWWKHVFDQSDWKVWUDWHJ\
D E
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 &RQFOXVLRQ
7KHDGYDQWDJHVRIVXFKV\VWHPLV WKDWGXHWRQRGDWDORVVGXULQJWUDQVODWLRQWKHFRPSRQHQWEHLQJPDQXIDFWXUHG
FDQEHHQVXUHGWKDWWKHUHDUHQRYRLGVRUDGGLWLRQDOXQZDQWHGPDWHULDOLQWKHVWUXFWXUH
7RJHQHUDWHODVHUVFDQSDWKJHQHUDOSXUSRVH&$'&$0VRIWZDUHLVXVHGLQPLFURVWHUHROLWKRJUDSK\06/VHW
XSEXLOWLQKRXVHWRIDEULFDWHPLFURSDUWV7KLVSDSHUGHVFULEHVDERXWDGDSWLQJWKHVWDQGDUG&$'&$0SDFNDJHKDV
EHHQ DGDSWHGDQG LWVIHDWXUHVDUHXWLOL]HGIRUJHQHUDWLQJODVHUWRROSDWKIRUPDQXIDFWXUHRI'PLQLDWXUHSDUWV7KLV
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